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Tests of Boilers with Bagasse as Fuel
INTRODUCTION.
During the summer of 1909 the Louisiana State Experiment
Station issued Bulletin 117 containing the results of a large num-
ber of tests made for the purpose of studying the conditions in
different types of furnaces for burning bagasse with different
modes of operation. These tests were made in Louisiana and
Cuba during the grinding season of 1908. The conclusions de-
rived from these tests were based mainly upon observations made
upon the furnaces—the best furnace as far as heat economy was
concerned having been assumed as that which delivered the great-
est weight of gas to the boiler at the highest temperature from a
given quantity of fuel. The observations included such items as
weight of bagasse, moisture in bagasse, temperature of furnace,
temperature of flue gases, draft in furnace and at base of stack,
heat value of bagasse, composition of flue gases, grate area, and
ratio of heating surface to grate surface. From these observations
it was concluded that in a general way the best results were ob-
tained in furnaces with high rates of combustion ; with deep fuel
bed over the entire grate, and with large combustion chambers
lined with fire-brick. With these conditions, it was found that
smaller quantities of excess air, higher furnace temperatures, and
more complete combustion resulted. It was found also that where
the ratio of heating surface to grate surface was low—in other
words, where the boiler capacity was small—high stack temper-
atures resulted, indicating loss of heat at the stack. Many cases
were found where the stack temperature ran as high as 700°
Fahrenheit, From this it was concluded that many of the boiler
plants tested were of a capacity too small for the best economy.
In addition to recording the tests made, Bulletin 117 also con-
tained a discussion of general principles and information regard-
ing bagasse and bagasse furnaces, as well as the principles in-
volved in calculating the results of the tests. In these tests the
boiler was not considered except in so far as it directly affected
the furnace. The water evaporated per pound of fuel h, of
course, dependent not only upon conditions in the furnace but
4upon those in the boiler as well. It is evident that the cleanness
of the heating surface, the circulation of the water, and the load-
ing of the heating surface will all affect the proportion of the heat
delivered by the furnace to that absorbed by the boiler and there-
fore the water evaporated per pound of fuel.
Having ascertained the general conditions existing in furnaces
by means of the tests recorded in Bulletin 117, it was determined
to make further tests such that the results could be measured in
terms of pounds of water evaporated from and at 212° per pound
of bagasse.
The object of this bulletin is to present the data obtained from
several series of boiler tests made subsequent to those recorded in
Bulletin 117. The object of these tests was to study the fuel
economy of bagasse as affected by varying
—
(1) The size and form of the combustion chamber.
(2) The air supply.
(3) The amount of overload.
(4) The size of grate, etc.
The tests recorded in the present bulletin have extended over
several years and may be classified as follows
:
(A) Tests at five factories during the grinding season of
1909.
(B) Tests during the grinding season of 1910 at Palo Alto
Sugar Factory.
(C) Tests during the grinding season of 1914 at three facto-
ries
;
namely, Adeline, Vermilion Sugar Company, and Angola.
Two tests at Adeline made during the 1915 season are also
included in this series.
5BOILER TESTS, SERIES (A), 1909.
A total of twenty tests was made in five sugar factories, seven-
teen of which were on bagasse-burning boiler plants and the re-
maining three on oil-burning plants. In the following pages these
five factories will be designated as a, b, c, d and e respectively.
Factory a, known as Poplar Grove, is the property of the
Poplar Grove Planting Company, near Port Allen, La., and has
one 300 PI. P. Stirling boiler, with 3,000 square feet of heating
surface for bagasse, and four 125 H. P. horizontal return tubular
boilers for oil.
Factory b, lmown as Myrtle Grove, is the property of the
J. Wilbert Sons' Planting & Manufacturing Company, and is
located near Plaquemine, La. In this factory there were eight
boilers of the horizontal return tubular type for bagasse. These
boilers were in three batteries, one of which composed two boilers,
each 6'xl8', with 70 4" tubes, and a total heating surface of 3,092
square feet ; another with two boilers, each 66"xl9' 6", with 60 4"
tubes, and a total heating surface of 2,907 square feet, the remain-
ing battery with four boilers, each 5 /x20
/
,
with 18 6" tubes, and a
total heating surface of 3,098 square feet. This makes a total of
9,097 square feet of heating surface, which at 12 square feet per
horse power would give 758 horse power. As will be shown later,
all of these boilers were used in only a portion of the tests.
Factory c, known as Waubim, was the property of the John
T. Moore Planting Company, and is located at Shriever, La.
This factory has four horizontal return tubular boilers for
bagasse, each having 1,260 square feet of heating surface, or a
total of 5,050 square feet, making a total of 421 H. P.
Factory d, Southdown factory, is the property of the H. C.
Minor estate, and is located near Houma, La.
This factory has, for bagasse, a battery of three boilers, each
5'x24', with 20 6" tubes ; a battery of three boilers, each 6'x20',
with 70 4" tubes, and a battery of three boilers, each 7'x20', with
120 4" tubes. This gives a total of 16,600 square feet of heating
surface and a capacity of 1,383 H. P. For burning oil, only, there
are also three horizontal return tubular boilers, each 5'x20', with
52 4" tubes, totaling 3,408 square feet of heating surface, or
284 H. P.
6Factory e, Cinclare factory, is the property of H. L. Laws &
Co., and is located at Cinclare, La.
This factory has five internally fired boilers, with Morrison
corrugated suspension furnaces. Each of these boilers has a heat-
ing surface of 3,000 square feet, which at 10 square feet per horse
power would be 300 II . P., or a total of 1,500 H. P. All of the
boilers described above for bagasse have Dutch oven furnaces.
APPARATUS USED IN MAKING THE TESTS.
The feed water, in all tests except those at factory b, was meas-
ured in tanks of known volume and the weight calculated from
the volume, with the proper temperature corrections. At factory
b, a Worthington turbine meter was used for this purpose.
Fahrenheit mercurial thermometers, previously calibrated and
reading to 212 degrees, were used for feed water temperatures.
For flue gas temperatures a 1,000 degree mercurial thermometer
was used.
A %" iron pipe, about 20" in length and closed at one end, was
filled with good cylinder oil and inserted into the stack with the
open end outside. The thermometer was inserted into this bath
of oil, which lessened the danger of breaking the thermometer
and aided in getting average readings of temperature.
The temperature in the furnace was obtained by means of a
Bristol portable pyrometer. The fire end consists of a compound-
thermo electric couple.
For determining the flue draft, an ordinary U tube manometer
was used. For the draft at the furnace, an Ellison differential
draft gage, reading to hundredths of an inch, was used. For flue
gas analysis an Orast apparatus was used. The amount of mois-
ture in the steam was determined by means of a throttling calori-
meter, made of pipe fittings. The sampling tube of the calori-
meter was placed in the steam main near the boiler.
METHODS- USED IN MAKING THE TEST.
The tests were, in all cases, conducted according to the code of
the American Society of Mechanical Engineers. The method used
for obtaining the weight of bagasse fed to the furnaces, was to
weigh the cane supplied to the mill, and to subtract from this the
weight of juice ; in other words, to determine the extraction in
per cent of the weight of cane, and from this the weight of
bagasse. In some of the tests all maceration at the mill was
stopped ; in others it was continued. The volume of the juice was
measured in the clarifier tanks of the factory, and the density
taken at frequent intervals, and from this the weight was cal-
culated.
The cane was weighed by cars at the scale house. For starting
a test a gap was made on the cane carrier just in front of the first
car, and when this gap reached the mill the test was begun, the
time being noted and simultaneous measurements of the feed
water and the juice commenced.
Other observations taken regularly throughout each test, usu-
ally every thirty minutes, were temperatures of feed water, fur-
nace, stack, and calorimeter; pressure in boiler; temperature of
juice ; the draft and flue gas samples in furnace and flue.
To determine the moisture in the bagasse, two or more oat
sacks were filled about one-fourth full of wet bagasse and weighed.
This was then placed on the top of the boiler setting to dry, and
kept there until two successive weighings were the same. The
original weight minus the last one gave the moisture. About
three of these samples were taken for each test. On account of
the large boiler plants handled and the lack of assistance, it was
impossible to weigh the ash and refuse, so the same is not ac-
counted for in the calculated results, as required in the A. S. M. E.
Code. Former experiments, recorded in Bulletin 117, showed the
percentage of ash to be quite uniform, so that for purpose of
comparison the lack of these data may be considered practically
negligible.
The tests were ended in much the same manner as the start-
ing, a gap on the cane carrier being used for identifying the last
weighed car of cane. The conditions maintained in the operation
of the furnaces varied in the different tests in order to follow the
scheme of tests decided upon at the beginning. These conditions
will be considered for each factory separately.
8(a) TESTS AT POPLAR GROVE FACTORY.
A total of six tests were made at this factory, three upon the
300 H. P. Stirling boiler, with bagasse as fuel, and three upon the
horizontal return tubular boilers, with oil as fuel. Only the tests
on the bagasse boiler will be considered here. This plant was
grinding, at the time of the tests, at the rate of about 460 tons
per twenty-four hours, which gave the 30O H. P. boiler a heavy
overload. This condition gave opportunity for observing the
effects due to overloaded heating surface and the object of the
tests on this plant was mainly for this purpose. Another object
of the tests was to secure data upon the effects due to varying the
air supply by means other than by use of a stack damper, there
being no stack damper.
The combustion chamber of the former was large and roomy.
Air was supplied by a chimney and by a forced draft fan run
from a steam engine. Feed water was supplied from a pump
arranged especially for the tests drawing from a tank into which
the water from two measuring tanks emptied alternately. The
smoke stack and breeching connections were close.
The feed hoppers of the furnaces were of the counterweight
flap door type, with no positive means for opening or closing.'
They evidently did little towards preventing air from flowing
into the furnace. The flue gas samples and the flue temperature
were taken at the base of the stack. The furnace temperature was
observed at a point just back of the bridge wall, presumably the
hottest part of the furnace. The setting of the boiler was in good
condition as regards cracks, etc., so that the flue gas analyses may
be taken as representing the products of combustion.
Conditions Maintained During the Different Tests.
Factory (a).
Three tests were made upon this boiler, the first of which was
under the regular conditions maintained by those in charge at the
factory. Test 1. This test gave the largest loading of the three,
developing 467.2 II. P. The blower was used, the engine for
same making approximately 90 R. P. M. (revolutions per minute).
The ash pit doors, were about three inches open.
9Test 2. The principal change of conditions in this test was to
reduce the load on the boiler as compared with that of the pre-
ceding test. This was done by hauling away something like one-
third of the bagaasse in wagons.
With the reduced load the speed of the blower engine was re-
duced from 90 R. P. M. to 70 R. P. M. and the ash pit doors were
kept entirely closed, as it was thought that, with the reduced feed
and with no reduction in grate area, the air supply should be less
in order to prevent a greater excess of air in test 2 than in test 1.
Test 3. The main object of this Test was to reduce the air
excess in every possible manner. As there was no stack or flue
damper, this had to be done at the front of the furnace. The ash
pit doors were closed entirely and the hopper doors were operated
by hand. By this means the doors were kept tightly closed for
the minimum time necessary for dumping, giving conditions
which it is likely could not be reached by any flap door hopper
mechanically operated.
For each of the tests it was arranged to have cane from the
same field, which was of the D.74 variety. The tubes of the boiler
were clean and were blown off with steam a short time before each
test was begun. Maceration was discontinued during all of the
tests.
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Results of the Tests.
Table 1 shows the results of the tests at this factory.
Table 1. Results of Tests at Poplar Grove, Factory (a).
Test 1 Test 2 Test 3
1 Nov. 9 Nov. 10 Nov. 11
2 6.5 7.66 6.75
3 48,615 39,926 46,327
4 Per cent of moisture in bagasse
. 53.1 53.2 52.9
5 22,970 18,725 21,820
6 Total grate surface, sq. ft 60 60 60
7|Total heating surface, sq. ft 3,000 3,000 3,000
90,721 85,179 85,190
97 96.5 96.5
87,998 82,208 82,207
121 Equivalent evaporation, F. & A., (from
and at) 212°, lbs 104,783 97,957 98,028
Hourly Quantities
Test 1 | Test 2 Test 3
13|Bagasse consumed per hour, lbs. 7,479 5,212 6,878
14jDry bagasse consumed per hour, lbs. . . . 3,534 2,444 3,232
15|Bagasse, per sq. ft. grate surface, per
124.6 86.8 104.6
16|Dry bagasse, per sq. ft. grate surface, per
- 58.9 40.7 53.8
17|FJquivalent evaporation, F. & A., 212 °, per
16,120 12,788 14,523
18|Equivalent evaporation, F. & A., 212°, per
|
sq. ft. of heating surface, per hour. . . . 5.05 4.00 4.55
86 84.3 86.4
20|Temperature of feed water, deg. Fahr. .
.
71 71 70
21|Temperature of flue gases, deg. Fahr.... 598 570 612
22]Temperature of furnace, deg. Fahr 1,626 1,670 1,604
23|Draft, inches of water:
.55 .55 .54
.22 .29 .35
467.2 370.7 409.3
25|Builders' rated H. P 300 300 300
26|Per cent of builders' rated horse power
|
developed 155.7 123.6 136.4
Economic Results.
1
Test 1 Test 2 Test 3
2 7| Apparent evaporation, actual conditions,
1.81 2.06 1.84
28 [Equivalent evaporation, F. & A., 212°, per
|
lb. of fuel 2.01 2.46 2.12
29|Equivalent evaporation, F. & A., 212°, per
4.12 5.23 4.59
30|Per cent carbon dioxide in flue gases. . . . 13.36 12.5 13.7
31|Tons of cane ground during test 124.7 351.7 129.2
32|Kind of cane. D 74 D 74 D 74
Test 1.—Run with usual conditions. Ash pit doors open about 3 inches.
Fan running. Heavy overload.
Test 2.—Ash pit doors closed. Blower speed reduced 20 R. P. M. Load
reduc d by hauMng away about 30 per cnt of the bagasse.
Test 3.—Air exc'uded in every possible way. Ash pit doors closed. Hop-
pers operated by hand.
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Discussion of Results at Factory a.
The economic results are shown in item 28. In comparing
tests 1 and 2 with large and small overloads we have equivalent
evaporations of 2.01 pounds and 2.46 pounds respectively per
pound of bagasse as fired; that is, an increase of 22.5 per cent
with the lighter, load.
By referring to item 4 it will be seen that the moisture in
bagasse was about the same for the two tests, tnough test 2 was at
a sligiit disadvantage as regards flue gas composition, since a
sma ler per cent of carbon dioxide means a large excess of air.
This eenditon existed even though the fan speed and the opening
at the draft door were reduced. This was in all probability due
to the fact that with the largely reduced feed the grates were not
completely covered all the time, causing a greater quantity of air
to how into the furnace. This was also augmented by the greater
furnace draft (see item 23) due to closing the draft doors, and
which caused greater indow of air at the hoppers, which, it will
be remembered, wore operating under the same conditions during
these two tests.
In test 3, in which special precautions were taken to prevent
air leakage at the hopper and at the ash pit doors, there was an
equivalent evaporation of 2.12 pounds of water per pound of
bagasse as fired. It will be noticed that the quantity of carbon
dioxide (13.7 per cent) was on'y slightly larger than in the other
tests, which goes to prove the contention of the writer that the
only effective method of controlling air supply is by means of a
stack -damper or by the speed of the blower. The moisture in
baeasse for this test was, it will be seen, appreciably mere than in
the ether tests, so that the equivalent evaporation should be based
on dry bagasse (item 29) rather than "bagasse as fired." This
shews an evaporation of 4.59 pounds, against 4.12 pounds in test
1
;
that is. an increase of about* 11.5 per cent. This, however, can-
not be attributed to the change in air conditions alone. Although
the load was intended to have been the same as for test 1, in
reality it was considerably lower, as will be seen from item 24. A
comparison of items 24 and 29 will reveal the fact that in the
three tests the evaporation per pound of dry bagasse was prac-
12
tically inversely proportional to the overload. This would make
it appear that the loading in test 3 was mainly responsible for the
increased evaporation as compared with test 1.
b. TESTS AT MYRTLE GROVE FACTORY.
Pour tests were made at this factory, the objects of which were
practically the same as for factory a. A description of the boilers
and their dimensions is given in Col. 2, Table 6. The boilers
varied in capacity from 65 to 130 H. P. each, but the grate sur-
face was 36 square feet for each.
The entire boiler plant was served by a single self-supporting
steel stack, 150 feet high. There was no stack damper, but there
were flue dampers with all except the two largest boilers. The
bagasse was fed through hoppers and flap doors similar to those
at factory a. The tubes in these boilers could not be cleaned each
day, so it was thought best not to clean them during the tests in
order to maintain as nearly equal conditions for all tests as pos-
sible. The condition of the heating surface may be assumed as
fair, however, the factory having been running only a few days.
The feed water was measured by means of a Worthington turbine
water meter. The furnace temperatures wrere taken from one
furnace in each of the batteries of two boilers each, holes having
been made in the setting for inserting the fire end of the pyro-
meter. The flue temperatures were taken in the horizontal com-
mon flue leading to the stack. There was considerable leakage in
the breeching between the boilers and the stack, which, no doubt,
caused the stack thermometer readings to be lower than they
should have been; also low carbon dioxide content in the flue
gases. For this reason most of the samples were taken at the back
connection of the boilers instead.
All of the boilers in this plant, except the two largest, were
arranged with hollow blast grate bars and a forced draft outfit,
though it had not been used since the erection of the large stack
mentioned above. The factory was handling on an average of
about 35 tons of mixed cane per hour, or at the rate of about 850
tons pel 2-1 hours.
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Table 2. Results of Tests of Myrtle Grove, Factory b.
Test 1 Test 2
1 I
llDate of trial | Nov.
2|Duration of trial, hours
3 1Weight of bagasse (moist) lbs.
4 1 Per ct. of moisture in bagasse
5 1Weight of dry bagasse, lbs. . .
6|Total grate surface, sq. ft. . . .
7|Total heating surface, sq. ft. .
|
9(Total water fed to boilers, lbs.|231,799
lO|Quality of steam, per ct. dry.| 96.2
ll|Water evaporated, lbs |222,922
12]Equivalent evaporation, F. &|
|
A., 212°, lbs. . [240,375
8.00
127,515
54.0
58,655
252
8,322
Nov. 17
8.08
134,396
54.0
61,822
252
8,322
224,021
96.2
|215,508
1232,086
Test 3 [ Test 4
'Nov. 18 ] Nov. 19
8.08
115,036
54.0
52,917
288
9,097
241,794
96.2
232,601
(250,741
00
96,972
54.0
45,607
216
6,190
170,630
96.2
164,146
175,237
Hourly Quantities.
Test 1
13|Bagasse consumed per hr., lbs.|
14|Dry bagasse consumed per)
|
hr., lbs.
|
15|Bagasse per sq. ft. grate sur-|
|
face, per hr., lbs
|
16|Dry bagasse, sq. ft. grate sur-j
|
face, per hr., lbs
17 1 Equivalent evaporation, F. &
|
A., 212°, per hr
18 (Equivalent evaporation, F. &
|
A., 212°, per sq. ft. of
|
heating surface per hr. . .
19 1 Steam pressure, gage
20 (Temp, of feed water, Fahr. . .
21|Temp. of flue gases, Fahr. . . .
22 1 Temperature of furnace....
23|Draft, inches of water:
|
Flue
|
Furnace.
24jHorse power developed
|
2 5 (Builders' rated H. P j
2 6 (Per cent of builders' ratedj
|
H. P. developed
|
15,939
7,362
63.3
28.8
Test 2
16,633
7,651.5
30,047
3.61
92.3
179
475
1,355
66.0
30.4
Test 3 Test 4
0.7
0.085
28,723
3.
87.
178
466
1,462
0.78
0.085
14,212
6,550
49.
23.
31,033
3.
89.
178
466
1,491
0.86
0.044
871 827 899.5 846.4
694 694 758.0 675.
S
126 119 118.6 164.1
16,162
7,601
74.8
35.3
29,206
4.56
88.9
187
480
1,370
0.90
0.07
Economic Result.
|
Test 1
1
Test 2 Test 3 Test 4
27 1Apparent evaporation, actual
1.61 2.02 1.69
|
conditions, per lb. of fuel
.
1.75
28 Equivalent evaporation, F- &
|
A., 212°, per lb. of fuel. . . 2.179 1.811.88 1.72
29 (Equivalent evaporation, F. &
|
A., 212°, per lb. of dry ba-
4.09 3.75 4.74 3.62
30|Per cent carbon dioxide in
5.8 7.0 8.3 6.5
31|Tons of cane per 24 hrs 870 853 845 860
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Maceration of something like 12 per cent was kept up during
the tests. The weight of maceration water used was determined
by collecting the same in a sheet iron gutter at frequent intervals,
running it into a barrel and weighing the amount for a given
length of time. By averaging the flow per minute for these dif-
ferent determinations, a fairly accurate measurement was made.
This was then used in calculating the extraction and the weight
of bagasse.
Conditions Maintained During the Tests at Factory b.
The first two of the four tests were run with the usual con-
ditions of the factory prevailing. One of the 65 H. P. boilers was
not running, leaving a total of 694 II. P. in use for bagasse. The
flue dampers, also the draft doors, were all wide open. This con-
dition in connection with the large draft due to the high stack
was evidently responsible for more air than was necessary, the
furnace draft being 0.085 inch of water.
Test 3 was run with all the bagasse boilers in use, a total of
758 H. P. (rated), and the furnace draft was reduced to 0.044
inch of water, about half that in tests 1 and 2. The main object
of test 3 was to observe the effect due to this reduction of the
draft.
Test 4 was run with two 120 H. P. boilers cut out, making a
total of 675.8 H. P. in use. The object of this test was mainly for
observing the effects due to heavily loaded heating surface, there
being an overload of about 65 per cent. The flue dampers were
set to give 0.07 inch of water, preliminary experiments having
shown this to be the smallest draft that could be used with the
reduced grate area without choking the fires.
Discussions op Results at Factory b.
The most striking result revealed by these tests is that brought
about by the flue damper manipulation in test 3, as shown by
comparison of the figures in item 29, This is also very clearly
shown by the fact that during test 3 considerably more horse
power was developed, while, at the same time, much less cane was
ground in a given time.
Although the carbon dioxide (item 30) partially shows the
improved condition due to the damper manipulation in test 3. it
15
by no means shows the actual condition, on account of the leaks
already referred to. In order to determine the actual carbon
dioxide content, some eight samples were taken from the back
connections of the different boilers at different times during* the
test, the average of which was 14.1 per cent carbon dioxide. This
shows that all the values in item 30 are too small, though they
probably have approximately the proper relations one to the
other.
The appearance of the furnace was greatly changed by the
conditions in test 3. The flames, as observed from the back of the
boiler, had a rolling motion and completely filled that part of the
setting back of the bridge wall, whereas in the other tests, the
velocity was evidently much greater and the name was in the
form of a thin sheet near the boiler shell. The closing of the
damper also resulted in making the front of the boiler hotter.
Further figures upon the lowering of economy due to excess-
ive overload are again shown in test 4, item 29.
c. TESTS AT WAUBAN FACTORY.
Three tests were made at this factory. Test 3 was made with
the intention of largely decreasing the load by decreasing the
speed of the mill and in this manner the quantity of bagasse, but
at the end of the test it was discovered that practically the same
tonnage had been ground per hour as in the other two tests. In
working up this test it was also found that some error had been
made in securing the data necessary for obtaining the extraction.
For these reasons it was decided not to include it in the records.
Tests 1 and 2 will therefore be discussed.
16
Table 3. Results of Tests at Wauban, Factory c.
Test 1
|
Test 2
1
l|Dato of trial Nov 23 1 1NOV. o t
2|Duration of trial, hrs 8. 8.
3|Weight of bagasse (moist), lbs 73,196 71,642
4 Per cent of moisture in bagasse 54.0 '54.0
33,670 32,955
6 1 Total grate surface, sq. ft. ... 100 100
7|Total heating surface, sq. ft 5.050 5,050
9|Total water fed to boilers, lbs 129,011 125,044
10|Qua.lity of steam, per cent dry 98.8 98.8
127,463 123,543
12|Equivalent evaporation, F. & A., 212°, lbs 140,621 132,671
Hourly Quantities.
Test 1 Test 2
1
13| Bagasse consumed per hr., lbs
. 9,148 . 8,954
4,208 4,119
15|Bagasse per sq. ft. grate surface, per hr., lbs 91.5 89.53
16|Dry bagasse per sq. ft. grate surface, per hr., lbs. . . 42.0 41.19
17|Equivalent evaporation, F. & A., 212°, per hr. ..... . 17,577 16,583
18|Equivalent evaporation, F. & A., 212°, per sq. ft. of
3.48 3.28
19 1 Steam pressure, gage 80.8 64.0
148 176
2l|Temperature of flue gases, Fahr 538 539
22]Temperature of furnace 1,462 1,560
23|Draft, inches of water:
|
Flue .375 .27
.130 .10
2 4| Horse power developed 509.5 480.5
25jBuilders' rated H. P 421 421
2 6 Per cent of builders' rated horse power developed. . . 121 115
Economic Result.
Test 1
1
Test 2
1
27 Apparent evap., actual conditions, per lb. of fuel. . . . 1.74
1
1.72
28 Equivalent evap., F. & A., 212°, per lb of fuel 1.907 1.85
29|Equivalent evap., F. & A., 212°, per lb of dry ba-
4.176 4.02
11.53 10.1
1
499 478
There were four boilers in this plant, all of which were exactly
alike, with Dutch ovens alike.
The- factory was grinding at the rate of about 490 tons of cane
per 24 hours (luring the tests, the boiler capacity, based on 12
square feet per horse power being 421 H. P. The flues were
17
blown off with steam just before each test. The feed water was
measured in a tank of known volume. The furnace temperatures
were taken just back of the bridge wall in one of the outside
boilers of the battery of four boilers. The flue gas temperatures
and samples were taken in the main flue leading to the stack.
The flue connections were fairly close, so that the flue gas
samples were probably fairly representative of combustion. The
feed hopper doors here were mechanically operated and served
their purpose well ; in fact, better than we have usually found.
Each boiler flue was equipped with a damper which was manipu-
lated so as to give the minimum draft possible that would not
choke the fire. It will be noted, however, that it was somewhat
less for test 2 than for test 1.
Discussion of Results at Factory c.
The main discussion of this test will be given further on in
this report, when it will be taken up in comparison with other
furnaces of different designs and sizes. The two tests having been
made with practically the same conditions prevailing, there is
little room for comparison of results. It is interesting, however,
to note that the evaporation per pound of bagasse (item 28) is
almost the same for the two tests, a result which might reasonably
have been expected. An inspection of other items shows the same
condition of uniformity in the two tests.
d. TESTS AT SOUTHDOWN FACTORY.
A total of five tests was made, the object of which was, in the
main, to get data upon the burning of bagasse and oil together in
the same furnace.
It is, however, very difficult to get accurate data upon this
subject, even from evaporation tests, because there is no way of
measuring, separately, the amounts of water evaporated by the
bagasse and by the oil.
The general method of attacking the problem in this case* was
to measure the weight of bagasse and the weight of oil, also the
total water evaporated.
With these data it was hoped that by comparison with data
from plants in which the two fuels were burned in separate fur-
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naces, some idea could be gained as to the relative values of the
two methods.
It is known from various tests on oil-burning furnaces that;
the fuel oil will easily evaporate 14.5 pounds from and at 212
degrees.
For the successful burning of fuel oil it is generally held that
furnaces especially designed for the purpose should be used, the
essential condition being to have the oil surrounded by a mass of
white hot fire brick, in order to thoroughly vaporize it as it leaves
the burner. It has been believed by a majority of sugar house
engineers that a pile of green bagasse produces conditions exactly
opposite to those stated above, and for this reason they have
burned the oil and bagasse in separate furnaces. On the other
hand, it may be said that a good bagasse burner produces very
high temperature and if oil burners are so located as not to throw
the oil directly upon the pile of bagasse there seems to be some
reason for assuming that the high temperature due to the com-
bined effect of the two fuels might be 'beneficial in maintaining
the conditions necessary for economy.
Under very light loads—in other words, with a very light feed
—oil burners are not economical on account of the fact that high
temperatures are not maintained in the furnace. With this par-
ticular condition, especially, there is no doubt that burning it in
a bagasse fire should add to economy. It was with a hope of
throwing some light upon this matter that these tests were made.
Incidentally, some attention was also given to the effect of over-
loading the heating surface.
This factory was grinding at the rate of about 1,070 tons of
cane per 24 hours during the tests. The general practice of the
factory is to burn all oil and bagasse together, in Dutch oven
furnaces under boilers aggregating 1,393 H. P., based on 12
square feet per horse power. The factory also has three hori-
zontal return tubular boilers, aggregating 278 H. P., which are
fitted for burning oil only.
These boilers are kept as a reserve and are usecj. during the
summer for drying sugars, also during the grinding season while
the house has suspended operation for cleaning.
Maceration was continued during the tests. The feed water
was measured in tanks of known volume. The fuel oil used during
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the tests was measured in the underground oil tanks of the
factory by determining the depth at the beginning and end of the
test, and from this the volume and weight was calculated, the
density having been determined with a spindle. Each of the three
bagasse batteries had its own stack and the stack temperatures
were measured at the base of each of these. Flue gas samples
were taken at the back connections of the boilers as the breeching
connections were too open for adequate accuracy. Furnace tem-
peratures were taken from two of the nine boilers, as it was impos-
sible to get access to any except the two on the ends. The temper-
atures recorded represent the average of the two readings.
None of the boilers were provided with flue or stack dampers.
The draft doors were wide open at all times during the tests.
Conditions Maintained During the Different
Tests at Factory d.
As in all plants where bagasse and oil are burned together,
the number of oil burners in operation at any time depended
upon the load being carried, there being times when, with very
light load, all of them were closed.
Test 1 was made with the lightest load it was possible to get
with the factory in operation. This was done on the day after a
shutdown for cleaning, with no vacuum pans working. The load
was carried by the bagasse boilers and was about 20 per cent less
than the load generally carried.
Test 2 was made with the maximum load possible, the same
boilers being in use and the same conditions prevailing as in
test 1, the test being made at a time when the vacuum pans were
all working.
Test 3 was made with about the same load as in test 2, but the
battery of oil boilers was used in addition to those used in the
previous tests. This was done in order to reduce the overload
on the boilers and so that as little oil as possible could be burned
with the bagasse. In fact, most of the oil was burned under the
oil boilers, though it could not be arranged to prevent some having
to be burned in the bagasse furnaces.
Test 4 was made on the bagasse boilers under conditions prac-
tically the same as in tests 1 and 2.
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Test 5 was of short duration, and conducted under the same
conditions as tests I, 2, and 4. It has, therefore, been decided not
to include it in the table of results.
The tubes of the bagasse boilers were thoroughly cleaned on
the day preceding the first test, though it was not possible to blow
them out again during the tests. According to the statement of
the engineer of the factory, the heating surface of the oil boilers
was not in good condition on account of scale accumulated during
the previous summer run, which had not been entirely removed.
Discussion of Results at Factory d.
It will be seen that the equivalent evaporation per pound of
oil has been assumed at 14.5. The total oil consumed during each
test (item 8) was then multiplied by 14.5, and the product sub-
tracted from the total equivalent water evaporated. The number
thus obtained was taken as the equivalent water evaporated by
the bagasse (see item 13), and this, divided by the weight of
bagasse, gave the equivalent evaporation per pound of bagasse
(items 29 and 30).
By reference to item 27 it will be seen that in all of the tests
the boilers were considerably overloaded, the lightest being 14 per
cent above normal. The flue gas composition also indicated un-
favorable conditions as regards air supply.
A comparison of the figures in items 29 and 30 will show the
economic conditions prevailing.
In test 3, where the conditions were nearest that of burning
oil and bagasse in separate furnaces, the equivalent evaporation
was 3.94 pounds per pound of dry bagasse. In tests 1, 2, and 4,
in which the oil and bagasse were burned together, the evapora-
tion was 3.112, 3.27, and 3.96 pounds respectively per pound of
dry bagasse. It will be noted that these figures differ, though the
conditions were practically the same. It is difficult to account for
this lack of uniformity in results. The equivalent evaporation
per pound of dry bagasse in test 3 is practically the same as that
for test 4, yet the average for the three tests in which the two
fuels were burned together is 3.44, which when compared with the
3.94 pounds for test 3 seems to indicate better economy when the
fuels are burned separately. It should be remembered, too, that
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the oil-burning boilers used in test 3 were not in good condition,
and it is reasonable to suppose that if they had been in prime
condition the difference would have been greater.
An interesting fact brought out in these tests is that of the
total horse power required to operate the factory, the average
maximum being about 2,050 H. P. It should be stated, however,
that this includes the work done by a closed feed water heater
which was found, during the tests, to deliver the heat equivalent
of about 100 H. P. to the feed water. This would therefore make
the net boiler power about 1,950, or 1.8 horse power per ton of
cane ground per 24 hours. This series of tests was the only one
in which the total factory boiler plant was tested.
e. TESTS AT CINCLARE FACTORY.
The boilers at this factory are of a type comparatively little
used for bagasse burning. They are of the internally fired type
with Morrison suspension furnaces, the fuel being burned in a
Dutch oven in front of each boiler. In this type of furnace, the
hot gases, after leaving the Dutch oven, enter the large corru-
gated flues which are entirely surrounded by water, and then
return through small tubes to the front and the stack.
The object of the tests was to obtain data regarding the per-
formance of this type of boiler and furnace.
Two tests were made upon the bagasse boilers which aggregate
1,200 H. P., based upon 10 square feet of heating surface per
horse power. The air for combustion is supplied by means of a
chimney in connection with a blower which supplies air at a
pressure of about 6 ounces per square inch. Air leakage at the
hopper is reduced by introducing the bagasse between two rollers
at each hopper, the rollers being held together by means of
springs. The hollow blast grate bars are arranged so they can
be oscillated for the purpose of cleaning them. This is undoubt-
edly a very good feature.
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Table 4. Results of Tests at Southdown Factory, d.
ljDate of trial
2|Duration of trial, hours
3|Weightof bagasse (moist) , lbs.
4 1 Per ct. of moisture in bagasse
5 1Weight of dry bagasse, lbs. .
6 1 Total grate surface, sq. ft...
7|Total heating surface, sq. ft. .
8 1 Total oil consumed, lbs
9|Equiv. evap., per lb of oil (as-
|
sumed), lbs
10|Total water fed to boilers, lbs.
ll|Quality of steam (assumed),
|
per cent dry. . .
12 1Water evaporated
|
By oil
|
By bagasse
13 [Equivalent evaporation, F. &
|
A., 212°, lbs:
|
Total
j
By oil
I By bagasse
lbs.
14.5
445,443
97.0
169,843
262,327
465,02!
|182,751
282,277
Nov. 30
8.0
173,300
54.3
79,198
272
16,660
20,266
14.5
512,734
97.0
263,433
233,918
554,468
293,868
260,277
Dec. 1
7.9
170,636
54.3
77,980
272
20,004
18,147
14.5
521,404
97.0
234,673
271,088
569,220
|263,135
1306,085
Test 4
Dec. 2
8.0
174,738
54.3
78,855
272
16,660
17,779
14.5
523,400
97.0
229,479
278,218
|570,368
|257,795
1312,573
Hourly Quantities.
Test 1
14| Bagasse consumed per nr., lbs.
15 1 Dry bagasse consumed per
|
hour, lbs
16 1 Bagasse per sq. ft. grate sur-
|
face, per hour, lbs
17|Dry bagasse per sq. ft. grate
|
surface, per hour, lbs
18 Equivalent evaporation, F. &
A., 212°, per hour:
By oil
By bagasse
19 Equiv. evap., F. & A., 212°,
per sq. ft. heating surface,
per hour
:
By oil '.
By bagasse
20 Steam pressure, gage
21 1 Temp, of feed water, deg.
:
I Upper tank
Lower tank
22|Temp. of flue gases, Fahr
23|Temperature of furnace
24|Draft, inches of water:
I Flue
Furnace •
25|Horse power developed:
|
Oil
|
Bagasse
|
Total
26|Builders' rated H. P
27|Per cent of builders' rated H.
I P. developed
23,334
10,664
85.7
39.2
21,500
33,209
1.23
2.00
82.5
81
190
532
1,560
0.345
0.11
626.1
962.6
1,588.7
1,392
114
Test 2
21,662
9,899
79.5
36.6
36,733
32,575
Test 3
21,599
9,671
79.4
36.2
33,308
38,618
Test 4
2.21
1.96
82.0
78
152
594
1,675
0.490
0.120
1,064.7
944.2
2,008.9
1,392.0
144.2
2.00
2.32
77.4
76
143
526
1,450
0.430
0.106
964.4
1,119.3
2,083.7
1,6G7
124.9
21,842
9,856
80.2
36.2
32,224
39,071
1.52
2.35
83.0
77
146
588
0.48
0.0S6
934.0
,132.5
,066.5
,392
147.6
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Economic Result.
Test 1 Test 2
1
1
Test 3 Test 4
28
J
Apparent evap., actual condi-
tions, per lb. of fuel :
Oil . 13.5 13.9 12.9 12.9
Bagasse as fired. . . . 1.33 1.35 1.59 1.59
29|Equiv. evap., from and at
212°, per lb. of fuel:
1
14.5 14.5 14.5 14.5
Bagasse as fired. . . . 1.278 1.342 1.61 1.78
30 Equiv. evap., F. & A., 212°,
per lb. of dry bagasse, lbs. 3.112 3.27 3.94 3.96
31 Per cent carbon dioxide in
9.6
Oil 7.85
8.00
32 Tons cane per 24 hours 1,030 1,050 1,050 1,100
33 Ratio of weight of red cane
1
2.1 4.5 4.0 1.3
34 Normal extraction 72.9 75.3 75.3 46.2
The feed water was measured with the apparatus used at
factory a. The figures upon moisture in bagasse were obtained
from the chemist of the factory, as were also those on extraction.
The second test was of short- duration, on account of the
breakage of a mill roller shaft which caused a shutdown of the
factory. The figures therefore may not be very accurate. The
moisture content also seems too low in this test, and for this
reason the items based upon the weight of dry bagasse may be
questioned. The factory was handling cane at the rate of about
1,150 tons per 24 hours, the cane being mixed, apparently about
half red and half white.
Conditions Maintained During the Tests at Factory e.
The regular running conditions of the boiler plant were main-
tained during the tests. The draft doors were wide open the
entire time. The practice of the house is to draw and clean fires
every six hours. A slight deviation was made from this, in that
the fires were cleaned just before the tests were begun and were
not cleaned again until after the test, with the exception of that
which could be done by shaking the grate bars, making 8 hours
between cleanings for test 1 instead of the usual six hours. In
justice to the boilers it should be known that the heating surface
was not clean at the time of the first test. This is especially true
of the large corrugated flues, in the corrugations of which much
soot and other matter accumulates which can only be cleaned
when the boilers are cool. It was impossible to postpone this test
until the boilers could be cooled off for this purpose. The fire was
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very low a great deal of the time in the furnace most distant from
the mill ; in fact, it seemed as though better results might have
been obtained by cutting this boiler out. This was especially so
of test 2.
Table 5. Results of Tests at Cinclare Factory, e.
l|Date of trial
2 1 Duration of trial, hours ,
3 1Weight of bagasse (moist), lbs
4 1 Per cent of moisture in bagasse
5|Weight of dry bagasse, lbs
6|Total grate surface, sq. ft
7
]
Total heating surface, sq. ft . . .
8 1 Total water fed to boilers, lbs.
9 1 Quality of steam, per cent dry
10|Water evaporation, lbs
ll|Equivalent evaporation, F. & A., 212°, lbs.
Test 1
8.5
203,695
53.9
93,822
205
13,200
345,257
98.0
338,353
355,271
Test 2
4.67
77,550
50.5
39,163
205
13,200
128,758
96.15
126,612
137,643
Hourly Quantities.
Test 2
ft. of
12|Bagasse consumed per hour, lbs
13 1 Dry bagasse consumed per hour,' lbs
Bagasse per sq. ft. grate surface, per hour, lbs . . .
Dry bagasse per sq. ft. grate surface, per hour, lbs
Equivalent evaporation, F. & A., 212°, per hour. .
.
17|Equivalent evaporation, F. & A., 212°, per sq
|
heating surface, per hour
18 1 Steam pressure, gage
19|Temperature of feed water
20|Temperature of flue gases, Fahr
21|Temperature of furnace
22|Draft, inches water:
|
Flue
|
Furnace
23|Horse power developed
24 1 Builders' rated H. P
25|Per cent of builders' rated H. P. developed. . .
Economic Result.
Test 1 Test 2
26 1 Apparent evaporation, actual conditions, per lb. fuel.
27|Equivalent evaporation, F. & A., 212 °, per lb. fuel. .
.
28|Equivalent evaporation, F. & A., 212°, per lb. of dry
1.81
1.94
3.78
10.9
1.66
1.77
3.51
11.36
Discussion of Results at Factory e.
In view of the unsatisfactory conditions explained above the
of dry bagasse, cannot be taken as representing the normal per-
formance of the boilers. This figure, when compared with like
figures from preceding tests, will be found low.
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GENERAL RESULTS.
For convenience, the accompanying summarization table, con-
taining the most important data, has been compiled from the
different tests. In comparing the figures from the different fur-
naces it will be noticed that the best evaporation per pound. of
dry bagasse was made in the furnace (Poplar Grove) with the
highest temperatures, also having the highest carbon dioxide con-
tent. Further comparison of the different furnaces burning ba-
gasse only shows that the evaporation was, in a general way, pro-
portional to furnace temperature and that the furnace tempera-
tures were proportional to their respective rates of combustion.
(See table below.) This is corroborative of similar results reach-
ed in a different manner recorded in Bulletin 117.
Factory d is not included in this table for the reason that oil
and bagasse were burned. In discussing this subject it may be
well to call attention to the fact that the bagasse at Factory a,
where best results were obtained, came from a relatively small
mill, without a crusher, the rolls being 5'-6" long. The cane was
there carefully placed on the carrier by hand. It should also be
noticed that the cane was all of the D.74 variety at Factory a,
while at the other factories tested there was a mixture of white
and purple cane. This would go to show that, pound for pound,
the bagasse from white cane is as good as that from purple cane.
This is contrary to the general belief, which is probably based
upon the fact that the white cane produces more juice than the
purple varieties of cane and therefore does not produce so much
bagasse, while at the same time there is more work to be done by
the boilers, due to the greater quantity of juice to be evaporated.
In column 5 of table 6 is the ' ' ratio of furnace volume to grate
area,'' a quantity calculated for the purpose of comparing the
volumes of the different furnaces. It is generally held by author-
ities that for burning very moist fuels the best results are ob-
tained with furnaces of large volume. An inspection of these
figures shows no consistent relation between fuel economy and
Factory
Av'g Furnace Av'g Rate of Av rg Evap. per lb.
Temperature Combustion Dry Bagasse
A
C
B
1633 130 4.64
1511 90 4.10
1420 62 4.00
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furnace volume.' This, however, was hardly expected, as other
conditions differed widely in the different plants. An item of
interest, however, may be noted in the fact that the ratio of
furnace volume to grate area varied from a minimum of 4.12 at
factory c to a maximum of 11 at factory d.
Data concerning the boiler horse power developed by the ba-
gasse is given in column 16 of the summarization table. This
quantity varied from a minimum of 0.89 to a maximum of 1.12,
the average being 1.02. These results were obtained with the
boilers considerably overloaded, excepting the tests made at Cin-
clare factory.
As has already been stated, the maximum total power devel-
oped by the boilers at Southdown factory, where oil and bagasse
were burned together, was 1,950 horse power, or 1.3 horse power
for every ton of cane ground per 24 hours.
SUMMARY OF RESULTS (1909 TESTS).
The tests showed that decreasing the load on heavily over-
loaded boilers resulted in increased economy. In these tests on
one boiler, with overloads of 55.7 per cent, 26 per cent, and 23.6
per cent, there was an equivalent evaporation of 4.12, 4.59, and
5.23 pounds of water per pound of dry bagasse respectively.
It was found that little change in economy could be produced
by attempts to reduce the air supply by closure of the ash pit
doors or the fuel hopper doors. Regulation of the draft, however,
by means of the stack damper, resulted in substantial increase
of economy. An increase in evaporation of 26 per cent resulted
from halving the furnace draft in a plant having a very high
chimney. This was done by partially closing the flue clampers.
The tests furnish no data upon the question of furnace volume
and its effects upon economy.
The best fuel economy was found in the furnaces having the
highest temperatures.
The highest furnace temperatures were invariably in the fur-
naces having the highest rates of combustion and accompanied by
the highest carbon dioxide content in flue gases.
The power developed by the boilers with bagasse as fuel varied
from 0.89 to 1.12 horse power per ton of cane per 24 hours, the
average being 1.02.
The total power developed in the plant burning oil and ba-
gasse together was 1.8 horse power per ton of cane per 24 hours.
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SERIES (B) 1910 PALO ALTO.
This series of tests was made at the Palo Alto sugar factory in
connection with experiments made for the purpose of studying
the question of bagasse drying. Some of the results of these tests
have already appeared in Louisiana Bulletin 128, entitled " Ba-
gasse Drying." In Series (A), already described, the methods
employed in making the boiler tests were not satisfactory in
every respect. This was due to the fact that the tests had to be
carried out upon the entire set of bagasse-burning boilers at each
factory, giving little opportunity for controlling conditions. The
methods employed for determining the weight of feed water were
seldom very accurate also, volumetric measurements being re-
sorted to in all cases.
In the tests at Palo Alto conditions were more favorable for
controlling conditions. The tests were all made upon a Stirling
boiler with 1,000 square feet of heating surface, which was set
aside for the experimental work in view for the whole grinding
season by the owners of the factory. This boiler was completely
fitted as an experimental plant, a special feed water pump being
provided.
Figure 1 shows the general construction and dimensions of
the boiler and furnace. The area of the grate for most of the
tests was 20 sq. ft. ; that is, 4' long 5' wide, the bridge wall being
placed over the back end of the Gordon Hollow Blast Bars. To-
ward the end of the season experiments were made with the bridge
wall moved back to the position shown by dotted lines, thus giving
a larger grate area. The bagasse, which had been previously
weighed, was fed through the temporary hopper X shown by
dotted lines, the regular hopper being closed at such times. The
temporary hopper was also provided with a door so that it could
be closed when tests were not being conducted. The furnace was
arranged so that it could be operated with forced draft or natural
draft at will, the hollow blast bars being connected up with a
Sturtevant blower, the discharge pipe of which was provided with
a gate. When operating with natural draft, the blower was not
operated, but by keeping the blast gate open a considerable draft
of air was obtained through the hollow bars. It will be noted
that the top of the furnace ends in an arch back of the bridge
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wall. The object of this arch was twofold; namely, to bring
about a more complete admixture of the gases just prior to their
contact with the heating surface and to render the heating sur-
face near the lower end of the tubes more effective by causing
the flames to strike lower down.
APPARATUS USED IN MAKING THE TESTS.
A throttling calorimeter was used for determining the quality
(dryness) of the steam leaving the boiler. The feed water for
the experimental boiler was weighed automatically by means of a
Wilcox water weigher which had been calibrated previously. Two
Ellison differential draft gauges were used for determining the
draft in the furnace and ash pit respectively. The flue gases
were analyzed by means of an Orsat apparatus. For flue gas
samples, a Hays gas sampling apparatus was used, by means of
which an average sample was obtained. In this way only one
gas analysis was obtained for each boiler test, although individual
samples were made occasionally for the purpose of checking the
average sample. Fahrenheit thermometers were used for deter-
mining the temperature of the gases, in the flue near the uptake
from the boiler. Considerable attention was devoted to the de-
termination of moisture in bagasse. The apparatus used con-
sisted of nine or ten cracker cans of about one cubic foot capac-
ity each, in which the samples of bagasse were collected and then
placed upon the top of the boiler setting near the flue. The tem-
perature at this place was sufficient to dry the samples thoroughly
in about 24 hours. The tin cans were found to be better than
sacks for the reason that the latter often catch on fire and burn.
The weighing of the bagasse samples before and after drying
was done with druggist scales in the laboratory of the factory.
METHODS USED IN MAKING THE TESTS.
The methods used in making the tests were practically the
same as those already described for Series (A) except that the
weight of feed water was determined more accurately, also the
bagasse fed was actually weighed. In fact, the general arrange-
ment of the plant and the possibility of controlling same facili-
tated experiments of a more exact nature.
Just prior to beginning each test, the blow-off valve of the
boiler was opened for a short time and the boiler tubes blown off
with steam. In this manner the boiler was made to operate under
like conditions as regard cleanliness of the heating surface for all
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tests. The operation of the furnace was as near that of the reg-
ular methods used in the factory as possible, the fires being
cleaned by the regular fireman about once every four hours and
sliced every two hours. The draft doors were usually wide open.
The blower used in the tests with forced draft supplied a pres-
sure of about \y2" of water in the blast pipe, just where it entered
the setting of the boiler.
RESULTS OF THE TESTS.
In these tests there were five principal variables; namely,
moisture in bagasse, rate of combustion, percent of rated capacity
actually developed, draft and method of supplying draft ; that is
stack draft or blower draft. Of these, the last two only were
under control during the tests. The principal results obtained
in the tests are given in table 7. It will be noted that the moisture
in bagasse varied considerably. This was due to the fact that the
-mill was small and its capacity scant for the work to be done.
This made it necessary to run it under conditions that made it
impossible 'to maintain uniformly high extraction and low mois-
ture in bagasse with different kinds of cane. While there was
some variation in the rate of combustion, the data secured were
not of a nature to make possible any reliable conclusions regard-
ing its effect upon efficiency. It will be noted that in most of the
tests the horse power developed (see column 14) was somewhat
less than the rated. In a few cases the load was very low indeed,
which may account in part for the very low efficiencies obtained.
The. relative economy in the different tests may best be com-
pared by means of the unit "efficiency" (column 17) or "water
evaporated per pound of dry bagasse ' ' (column 16) . That higher
efficiency was obtained with low draft is very clearly shown. Four
of the tests where natural draft was used with an average flue
draft of .45" of water show an average efficiency of 40.5 per cent.
The other four tests with natural draft, having an average flue
draft of .14, showed an average efficiency of 48.7 per cent. Doubt-
less the reduced efficiency with high flue draft was due to the in-
creased amount of excess air, which is accompanied by low C02
in the flue gases. That this is the case is shown by the fact that
in four tests with high flue draft the average C0 2 was 4.6 per
cent, whereas with the low flue draft the average C0 2 was 6.3
per cent
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The tests also show that this boiler operated with much higher
efficiency when the blower was operated than when stack draft
only was used. The average efficiency for the tests where blower
draft was used was 51.5 per cent, whereas the average efficiency
in the tests with natural draft was 45.1 per cent. This difference
may also be expressed in terms of pounds of water evaporated
from and at 212° per pound of dry bagasse, which for the tests
with the blower was 3.16 and for the tests with natural draft 2.32.
The reasons for this increase of efficiency with the use of forced
draft are practically the same as for the increased efficiency with
reduced draft. The boiler setting, although all possible precau-
tions were taken to stop leaks, was somewhat open. The bagasse
Was fed through a hopper of a kind that made it impossible to
prevent the inflow of a large amount of air when the draft
.
(vacuum) in the furnace was high. Then, too, the grate was rela-
tively large for the boiler, which made it difficult to feed the
bagasse so that no portion of the grate would be uncovered. Nat-
urally, the amount of air entering through such uncovered por-
tions would be much greater with high draft than with low draft.
The draft (vacuum) above the grate would, of course, be much
less when the blower was operating. In fact, there was fre-
quently some pressure as was shown by the fact that smoke and
sparks were at times blown out through the feed hopper. Under
such conditions, the inleakage of air and consequent stack loss
added to excess air must have been relatively small. In calcu-
lating efficiency the heat delivered by the boiler in the steam was
divided by the net heat supplied in the fuel. In order to show
the method of calculating this item, let us assume a bagasse 'hav-
ing a moisture content of 52 per cent and that by test each pound
of bagasse caused the evaporation of 2.0 pounds of water F & A
212°. For each pound of bagasse there will be .48 pound of dry
matter and .52 pound of water. The writer has found from. vari-
ous calorimeter tests of Louisiana bagasse, an average heat value
of 8360 B. T. U. per pound of dry bagasse. The gross heat gen-
erated will, therefore, be 8360 X .48 = 4012.8 B. T. U. However,
not all of this heat is available for producing steam in the boiler,
some of it being required to convert the .52 pound of water into
steam at the temperature of the stack, which temperature we will
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assume to be 500° F. The heat thus required will be .52 [212 —
70 + 966 + .5 (500 — 212) ] = 651 B. T. U. The net heat theo-
retically available for steam production is therefore 4012.8 — 651
= 3361.8 B. T. U. per pound of bagasse as fired. The heat deliv-
ered by the boiler in the steam per pound of bagasse = 2 X 970.4
1940.8
= 1940.8. Efficiency = = .576 = 57.6 per cent.
3361.8
That this particular boiler setting shows so much greater
efficiency with low draft and with forced draft instead of natural
draft, cannot be taken as evidence that such would be the case in
all boiler plants. In fact, practice shows that very high efficien-
cies and perhaps greater efficiencies may be obtained with very
high draft (vacuum) provided precautions are made to prevent
inleakage of air, especially at the "feed hopper and through cracks
in the setting, and by carrying high rates of combustion ; that is,
by using small grates.
Table 8 gives a heat balance that has been calculated for the
tests given in the preceding table.
Table 8. .Heat Balance.
f5
Number of Test
a
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Wet Bagasse.
3850 33.4 24.8 24.9 16.9
3758 32.2 22.3 7.2 25.9 12.6
3890 43.8 16.0 2.4 24.8 13.0
3920 48.3 11.2 1.4 24.35 14.75
3930 40.65 14.65 8.4 24.8 11.5
3730 38.5 28.0 26.3 7.2
14 3730 39.0 24.4 26.9 9.7
3775 39.5 20.2 26.5 13.8
3820 36.6 17.6 2.76 26.58 16.86
3780 46.0 13.8 9.5 26.7 4.0
3960 37.9 24.95 4.83 25.75 6.58
4035 30.7 15.6 3.68 25.0
3848 38.88 19.46 5.02 25.7 11.5
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In column 2 is given the heat value of dry matter in one pound
of the bagasse fired, calculated from the calorimeter values. Of
this heat supposedly generated, a portion is lost in the dry gases
passing up the stack; a portion is lost in the steam generated
from the initial moisture in the bagasse and from the moisture
produced by the combination of the hydrogen and oxygen in the
i'uel and a portion may be lost due to incomplete combustion;
that is, by burning the carbon to CO instead of C0 2 and the bal-
ance is lost in radiation and other small unknown causes. These
different losses are given in columns 3 to 7, inclusive, of the table
and are expressed as a percentage of the heat generated as given
in column 2. One point which should be explained is the manner
of arriving at the chemical composition of the fuel which is neces-
sary in order to calculate the heat balance. These calculations
assumed that carbon was the only element producing heat in the
bagasse. The method of arriving at the amount of carbon is
shown on page 12 of Louisiana Bulletin 117. Column 6 gives the
loss due not only to the free moisture in the bagasse but that due
to moisture produced by the combination of hydrogen and oxygen
in the fuel as well.
SUMMARY—PALO ALTO TESTS.
With the type of bagasse furnace and setting used in these
tests the boiler efficiency is lowered by excessive draft.
With this type of bagasse furnace and setting forced draft
'gives higher efficiency than stack draft. This is due to the fact
that the blower causes reduced draft (vacuum) in the furnace
and consequently less in leakage of air.
Bagasse furnaces and settings of this type should be provided
with flue dampers so arranged that the draft (vacuum) can be
positively and conveniently controlled.
As shown by the table of heat balances, the stack loss is very
high, the average being 25.7 + 19.46 = 45.16 %. The loss in the
dry stack gases was high due to the large amount of excess air and
the loss due to moisture was high due to the large amount of
moisture in the bagasse and the moisture due to the combination
of hydrogen and oxygen in the bagasse.
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SERIES (G), 1914-'15.
This series of tests was made during the grinding season of
1914, with the exception of two tests in 1915 at Adeline. These
tests were made for the purpose of securing data regarding the
effect of rate of combustion, volume of combustion chamber, form
of combustion chamber, methods of feeding bagasse and leakage
of air into setting upon boiler efficiency or economy. In addition
to the above, especial attention was given to the question of flue
gas analysis.
The tests were made upon four typical bagasse boilers and
settings, all of which represent the latest practice in bagasse-burn-
ing in Louisiana, all of them having been installed within the
last three years. The experience gained in preceding experi-
ments made it possible to conduct these tests along lines that
would give results of increased reliability and usefulness. Con-
sequently this series may be considered as the best yet made in
these respects.
The general methods employed in carrying out the tests were
much the same as employed in Series 1 and 2, except that the
feed water was actually weighed on platform scales, whereas in
former tests volumetric measurements were used. The bagasse
fed during the tests was weighed in baskets holding approxi-
mately 25 pounds on platform scales. Especial care was taken
in practically all tests to insure that the bagasse was uniformly
and properly fed. In determining the amount of moisture in ba-
gasse, average samples were obtained by taking a handful of ba-
gasse at regular intervals from the baskets and placing same in
covered buckets. At the end of each test a small average sample
was obtained from the buckets, sealed in a closed can and sent to
the University Laboratory, where the moisture determination was
made in an electric oven.
TESTS AT ADELINE.
Tests 1, 2, and 4 were made on a boiler and setting shown in
Figures 2 and 3. It will be noted that the combustion chamber is
very large and elaborate in form. This type of furnace has been
evolved in Hawaiian practice and this particular one designed by
the Honolulu Iron Works Company. This boiler is one of a bat-


39
tery or two, there being three batteries in the factory for burning
bagasse, each boiler having a rated capacity of 250 H. P. Stack
draft is supplied to the entire plant by means of a single concrete
stack; the grate bars are of the ordinary Herringbone type, with
ribs %" wide and spaces %" wide. The grate has an area of
25 sq. ft. ; the bagasse is fed to the furnace by means of the belt
rotary feeder manufactured by the Link Belt Company. There
are dampers in the uptake flue of each boiler for regulating the
draft. A special feed water pump was used for supplying the
water fed to the boiler during the test. Test 3 was made on a
small Dutch oven in the same factory. Before making the tests,
the settings were gone over and the leaks stopped with cement
as far as possible. The samples from which the flue gas analyses
given in the tables were made were taken from the uptake flue.
They may be considered as fairly representative of the products
of combustion.
Eesults of the Tests..
Tests 1 and 2 were made in 1914 and Tests 3 and 4 in 1915.
Tests 1, 2, and 4 were made upon the boiler shown in Figures
2 and 3 and test 3 on the small dutch oven. The conditions main-
tained in the different tests are given at the bottom of the table.
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Table 9. (Adeline).
TOTAL QUANTITIES.
1 1 Duration of test, hours.
2|Wt. of bagasse as fired, lbs.
3|Moisture in bagasse, per cent.
Wt. of dry bagasse, lbs.
.
Total grate surface, sq. ft.
Total heating surface, sq.
Water evaporated, lbs ....
Equiv. water evap., P. &
212°. lbs
A.,
Test 1
8.0
44,912.2
45.4
24,522.1
25.0
2,500.0
96,144.5
104,740.0
Test 2
8.0
30,222.6
46.3
16,229.5
25.0
2,500.0
67,234.5
70,896.1
Test 3
8.0
32,359.0
53.0
17,150.0
25.0
2,500.0
65,927.0
69,091.0
Test 4
7.85
34,666.0
52.0
18,026.0
25.0
2,500.0
74,198.0
77,351.0
HOURLY QUANTITIES.
Bagasse consumed, lbs
Dry bagasse consumed, lbs. . .
Bagasse burned per sq. ft,
grate surface, lbs
Equiv. evap., P. A., 212°, lbs.
Test 1
5,614.0
3,065.3
224.6
13,092.5
Test 2 Test 3 Test 4
3,777.8 4,044.9 4,416.0
2,028.6 2,147.5 2,296.4
151.1 161.8 176.6
8,862.0 8,636.0 9,854.0
AVERAGE PRESSURES, TEMPERATURES, ETC
Temp, feed water, Pahr
Temperature flue gases
Temp, atmosphere outside...
Draft, ash pit, inches water.
Draft, furnace, inches water
19|Draft, flue, inches water.
. . .
20 [Quality of steam
Test 1 Test 2 Test 3 Test 4
118.9 118.6 96.7 100.1
167.3 194.5 201.4 205.5
640.8 553.3 608.0 589.0
67.3 65.0 68.3 86.0
.026 .012
.07 .05
.182
.202 .23
.26
.634
.464
.47
.53
98.3 99.6 99.8 99.6
HORSE POWER.
Test 1 Test 2 Test 3 Test 4
21)—H. P. developed
22IBuilders' rated H. P. . . .
382.3
250.0
151.8
258.7
250.0
102.7
250.3
250.0
100.1
' 285.6
250.0
114.2
23|H. P. developed, per cent of
ECONOMIC RESULTS.
Test 1 Test 2 Test 3 Test 4
24!Equiv. evap., P. & A., 212°,
1
per lb. of bagasse, lbs
25|Ditto, per lb. of dry bagasse,
| lbs
26 (Efficiency (A) furnace and
2.33
4.27
56.83
63.17
1
2.35
4.37
58.33
64.62
2.13
4.03
64.00
71.57
2.23
4.29
64.61
71.93
2 7 (Efficiency (B) furnace and
PLUE GAS ANALYSES.
Test 1 Test 2 Test 3 Test 4
28 C02 , per cent
29 O, per cent
9.80
9.40
0.40
11.90
7.90
0.30
10.20
8.00
0.00
13.50
5.70
0.10
30 CO, per cent
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Conditions for Tests.
Test 1.—Boiler worked at heavy overload (about 50 per cent)
.
Cane mixed, plant and stubble. Nearly all red. Draft doors
wide open. Flue damper wide open. Fire cleaned just before
start, also once during test, and sliced frequently. Tubes blown
out with steam a few hours before start. Sixteen days since boil-
er was washed and cleaned.
Test 2.—Boiler worked at practically rated load. Flue damp-
er partly closed. Draft doors partly closed. Other conditions
about the same as in test 1.
Test 3.—Boiler worked at practically rated load. Draft doors
open about 4 inches. Flue damper wide open. Other conditions
as in previous tests.
Test 4.—Boiler worked at slight overload. Furnace equipped
with a Thomas shaking grate which was shaken every fifteen min-
utes. Other conditions about as in test 3.
Discussion of Results.
In general it may be stated that the furnace shown in Figures
2 and 3 operated well. Attention has already been called to the
large and elaborate combustion chamber with a large amount of
refractory firebrick and many changes in direction of the prod-
ucts of combustion, the latter facilitating thorough mixing. As
regards appearance, the combustion in this furnace seemed better
than any of those tested. Evidently this type of furnace should
be well adapted for taking care of variations in operation, partic-
ularly bagasse feed.
Tests 1 and 2 were made under conditions practically the same
except for the load carried. Test 1 was operated at about 50%
overload, while test 2 was made with practically rated load. The
water evaporated per pound of dry bagasse—viz., 2.33 lbs. and
2.35 lbs., respectively—was practically the same in these two tests.
This is indicated also by "efficiency," item 26. Ordinarily, a
boiler operating at large overload, other conditions being equal,
will give a lower efficiency than when running at rated load. This,
however, was evidently not the case in these tests. The setting
offers an unusually large area of brickwork subject to leakage
and radiation of heat, which losses would be practically the same
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whether the boiler is run at rated or overload. With overload,
however, the percent loss would be smaller than with rated load.
The reduced loss with overload probably offset the disadvantage
due to overloading mentioned above.
It will be noted that two values for efficiency of furnace and
boiler are given in the table (items 26 and 27). The efficiency
(A) was determined in the manner described on page 34 of the
Palo Alto tests ; that is, by subtracting the heat required to vapor-
ize the moisture in each pound of bagasse and raise its temper-
ature to that of the stack from the gross heat value of a pound of
wet bagasse and dividing same into the heat leaving in the steam
generated by each pound of wet bagasse. In calculating efficiency
(B) the same method was used except that the heat required to
vaporize the moisture formed by the combination of hydrogen and
oxygen in the fuel is also subtracted from the gross heat value of
each pound of wet bagases, the latter method of calculating
efficiency is probably more suitable for making comparisons where
there is considerable variation in the quality of the bagasse.
It will be noted that flue gas analysis for test 2 was somewhat
better than for test 1. This was probably due to the damper
regulation in test 2. In other words, the wide open damper in
test 1 gave more draft than was necessary for the best results.
Tests 3 and 4, with efficiencies of 64 and 64.6 percent respect-
ively, seem to show no advantage for the large oven as far as
economy is concerned. It is perhaps not proper, however, to take
these two tests as conclusive in this respect. In both of the tests
the bagasse feed was steady and there were no interruptions of
service. With irregular feed the larger furnace would doubtless
show up much better, the large furnace and refractory effect of
much brickwork tending to produce better combustion under
varying conditions. Tests 1 and 2 cannot be compared with tests
3 and 4 with any degree of certainty for the reason that the
moisture in bagasse not only varied greatly but the method of
determining the moisture was not the same in the two cases.
Tests 1 and 2 were made during the 1914 grinding season, when
the fibre was unusually high and hard, the result being that the
moisture was unusually low, about 46%. As already stated, the
moisture was determined in the University Laboratory. Tests 3
and 4 were made during the 1915 season, when the fibre was low
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and soft, resulting in high moisture in bagasse. In these tests,
also, the moisture determinations were made in the laboratory at
the sugar factory. Evidently there is some probability that the
moisture determinations were not equally accurate. Moreover,
since the moisture content enters into the calculation of efficiency
it would not be proper to make comparisons of tests made during
the two different years. For this reason, the tests cannot be de-
pended upon to give reliable comparisons of the efficacy of the
shaking grates used in test 4 as compared with the ordinary
grates used in the other tests. It will be noted, however, that in
test 4 the flue gas analysis was better than in any of the other
tests, the C0 2 content being 13.5 per cent. It is very probable
that this was due to the use of the shaking grates, which were
shaken every fifteen minutes. It was noticed that the ash pit was
always bright during this test, which was not the case with the
other tests, showing that the shaking grate aided in securing a
uniform supply and distribution of air through the fuel. It may
be noted also that less cleaning and slicing of the fire was required
during this test.
TESTS AT VERMILION SUGAR FACTORY.
The tests at this factory were made on the boiler and setting
shown in Figure 4. The furnace is known as the Quinn Flat Top
Furnace, the top being supported by I beams and special shaped
bricks instead of an arch. The boiler and setting were designed
and installed by the John H. Murphy Iron Works Company. The
entire setting is encased in sheet steel with a lining of asbestos
between the brick-work and the lining. The boiler was one of a
battery of two of 250 H. P. each. The draft for the entire boiler
plant is supplied by a single steel self-supporting stack, the grate
bars are of the Herringbone type, the ribs being %" wide and the
spaces between ribs %" wide. The bagasse is fed to the furnace
by means of a Smith & Smith rotary feeder somewhat similar to
that of the Link Belt Company at Adeline. There was a damper
in the flue for regulating the draft. As at Adeline, a special feed
water pump was used for feeding water to the boiler during the
tests.
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Results of Tests at Vermilion Sugar Factory.
The results of the two tests made at this factory are given in
Table 10. The conditions of operation were practically the same
for both of these tests, the second test being made mainly as a
check. As will be noted, a slight overload was carried in each
test. A somewhat thick fuel bed was carried in these tests, usually
as high as the top of the fire doors. Both tests started with clean
grate and the fire was sliced about every two hours during the
tests. The draft doors were about half open or less. The bagasse
burned in these tests was unusually dry for Louisiana conditions
for the reasons explained for the Adeline tests. The conditions of
operation were very favorable in both tests.
Since the conditions were practically the same in both tests,
there is little room for comparison, except with tests on boilers at
other factories. It will be noted that the efficiency was higher
than in tests 1 and 2 at Adeline. The combustion chamber in this
setting was smaller than in the large Adeline setting; also the
grate was larger and the rate of combustion smaller than at Ade-
line. Both of these conditions would place the Vermilion plant at
some disadvantage as compared with the Adeline plant. On the
other hand, the Vermilion setting was very tight against inleak-
age of air, also well insulated as regards heat radiation. The for-
mer would tend to reduce the excess air loss, and the latter the ra-
diation loss. It,is probable that the reduced losses named offset the
supposed disadvantages of small combustion chamber and low rate
of combustion. It is well to keep in mind also the fact that one of
the main advantages of large combustion chambers is to insure
uniformly good combustion with variations in the conditions of
operation. Since the conditions of operation at both Adeline and
Vermilion were uniformly favorable, the Adeline setting had no
opportunity to show its superiority in this respect. The flue gas
analyses at Vermilion may be considered very good. That for
test 2 has not only a low C0 2 content, but rather too much CO.
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Table 10. Vermilion.
TOTAL QUANTITIES.
Test 1 Test 2
l|Duration of test, hours 7.3
26,177.8
46.3
13,887.3
42.0
2,450.0
58,482.0
69,125.7
7.13
26,288.2
47.0
14,182.5
42.0
2,450.0
55,123.0
65,133.3
2 1Weight of bagasse as fired, lbs
3|Moisture in bagasse, per cent
4 1Weight of dry bagasse, lbs
5 1 Total grate surface, sq, ft
6 1 Total heating surface, sq. ft
7|Water evaporated, lbs
8|Equivalent water evaporated, P. & A., 212° lbs
HOURLY QUANTITIES.
Test 1 Test 2
3,586.0
1,902.4
85.4
9,469.3
3,687.0
1,988.3
87.8
9,131.3
ll|Bagasse burned per sq. ft. grate surface, lbs
12 (Equivalent evaporation, P. & A., 212°, lbs
AVERAGE PRESSURES, TEMPERATURES, ETC.
Test 1
'
Test 2
109.8 108.7
14 60.0 61.3
15 Temperature flue gases 529.0 529.0
16 Temperature atmosphere outside 56.1 61.0
17 Draft, ash pit, inches water .014 .052
18 Draft, furnace, inches water .155 .226
19"
'Draft, flue, inches water .434 .417
20 98.5 98.7
HORSE POWER.
Test 1 Test 2
21
22
23
276.5
250.0
109.8
266.6
250.0
105.9
Builders' rated HP
ECONOMIC RESULTS.
Test 1 Test 2
24
25
26
27
Equivalent evaporation, P. & A., 212°, per lb of ba-
2.64
4.98
66.65
73.81
. 2.48
4.59
61.15
67.65
Ditto, per lb. of dry bagasse, lbs
Efficiency (A) furnace and boiler
FLUE GAS ANALYSIS
Test 1 Test 2
28
29
30
10.7
8.7'
|
0.0
10.9
8.5
0.3
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TESTS AT ANGOLA.
The boiler and setting used in these tests is illustrated by
Figure 5. This arrangement is similar to many others commonly
found in Louisiana ; in fact, it comes nearest the standard type of
Dutch oven in common use. The top of the oven is supported by
an arch. This outfit was designed and installed by the Payne &
Joubert Machinery & Foundry Company. It is one of a battery
of two of 150 H. P. each. Draft is supplied for the entire boiler
plant by a single steel self-supporting stack. A blower is at-
tached to some of the boilers, including the one tested, though its
capacity is very small and the amount of air delivered by the
blower during the tests was probably negligible. The grate bars
are of the Herringbone type with ribs %" wide and the spaces
between ribs %" wide. The feed hoppers are of the counter-
weighted flap type. Bagasse was fed into the hoppers, a basketful
.at a time, the flap being held closed between times. The draft
was regulated by means of a damper in the uptake from the
boiler. The draft was somewhat weak because the boiler tested
was farthest from the stack, also a larger damper in the flue be-
tween the test boiler and the stack obstructed the draft in some
of the early tests. This was discovered and remedied for the
later tests. The quality of the bagasse in the tests at Angola was
very variable ; in fact, the general conditions of operation were
less steady than at the other two factories. Due to this, it was
though best to make a larger number of tests than at the other
factories.
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Test 1.—Small load. Irregular bagasse feed; low draft. One-
half of the grate bars hollow. Very moist bagasse.
Test 2.—Small load. Regular bagasse feed. Low draft. One-
half of the grate bars hollow. Very moist bagasse.
Test 3.—Slight overload, regular bagasse feed. One-half of
grate bars hollow. Relatively low moisture in bagasse.
Test 4.—Slight underload, regular bagasse feed. One-half of
grate bars hollow.
Test 5.—About rated load. Low moisture. Regular feed. Grate
bars all Herringbone. Draft stronger.
Test 6.—Considerable overload. Regular feed, strong draft.
Herringbone grate bars. Moisture low.
Test 7.—Considerable overload. Regular feed, draft low.
Note.—The tubes in all boilers of this factory were blown
with steam every six hours. The boiler was also washed out pre-
vious to the tests.
Test 1 was conducted with the conditions of operation exactly
according to the usual methods in the factory. The bagasse feed
was very irregular. The supply of bagasse to the furnace was
regulated by means of a sliding gate, which was difficult to move
;
also difficult of access. The result was that at times the feed was
very heavy and at other times very light. This resulted in a very
cold furnace with portions of the grate uncovered at times and a
very hot, though smoldering, fire at other times. That the grate
was uncovered a large part of the time "may be judged from the
flue gas analysis, the C0 2 content being only 2.5 per cent.
In test 2 the conditions were practically the same as in test 1,
except that the bagasse feed was regular. The increase of ef-
ficiency from 48.9 per cent to 55.4 per cent speaks for itself and
illustrates the value of careful feeding and the need of arranging
the furnace so that manipulation of the feeding apparatus can be
done with convenience. A walk should be arranged along the
front of the furnaces so that the fire tender can get to the feeder
easily. A better arrangement is to have the feeders arranged so
that they can be operated by the fire tender from the ground floor,
in which case he can inspect the fires also. It will be noted that
in both of these tests the bagasse was very moist. The cane had
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been wind-rowed for a long time and there had been much rainy
weather previous to the tests, the result being that much of the
cane was rotten, which caused very poor mill work at times.
The effect of high rates of combustion in causing better flue
gas analyses is shown by these tests. Tests 1, 2, and 4, with rates
of combustion less than 1.00, gave an average rate of combustion
of 84, with a corresponding C0 2 content of 6.2 and boiler effici-
ency of 54.9. Tests 3, 6, and 7, with rates greater than 100, gave
an average rate of combustion of 114, with a corresponding C02
content of 10.1 and boiler efficiency 57.3. It will be noted that in
the latter three tests the boilers were considerably overloaded.
This unfavorable condition, however, was overbalanced by the
better combustion attending the increased rates of combustion.
The flue gas temperature was high in all of the tests, average
624. As the boilers were not overloaded (average 97.6 of rated),
this would seem to indicate fouled heating surface. If so, it is
probable that there must have been scale on the water side of the
tubes, as inspection showed the tubes to be free of soot.
The average efficiency (55.3) was not bad for the conditions;
in fact, as will be shown later, it compares well with the results .
obtained in the Adeline and Vermilion tests.
As is well known, it may be expected in a general way that
higher efficiencies may be expected when a boiler is run at near
rated load than when greatly overloaded, or greatly underloaded.
When a boiler is run at underload the losses due to excess air,
radiation, etc., are likely to be a greater proportion of the total.
When a boiler is greatly overloaded the stack loss is likely to be
high. The tests at Angola show that, of the two, overload is much
to be preferred for bagasse-burning.
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GENERAL DISCUSSION OF RESULTS, (All Tests.)
VOLUME AND FORM OF COMBUSTION SPACE.
The setting (Figure 2) of the boiler tested at Adeline was the
only setting tested that had a combustion space of unusual size
and form. The tests on this boiler, when compared with the tests
on other boilers having smaller and simpler combustion chambers,
show no particular advantage for the Adeline setting. For ex-
ample, higher efficiencies were obtained with the Vermilion boiler
than with the Adeline boiler, the former having a much smaller
combustion space. This, however, may not be conclusive, not only
because the Vermilion boiler had the advantage of reduced radia-
tion and leakage losses, but because uniform fire conditions were
maintained in both. The advantage of such settings as that at
Adeline should be most pronounced under conditions of irregular
feed and careless operation.
The volume and form of furnace rightly hold an important
place in bagasse-burning. On account of the large amount of
moisture in the bagasse and the resulting large volume of steam,
formed, a relatively large combustion space is required, else the
high gas velocities will result in lack of time for complete com-
bustion. There has probably been more variation in practice as
regards this matter than in boiler furnaces for any other type of
fuel, the fact being that there is no form of furnace that can
really be called "standard." The same may be said of furnace
volume.
Table 13.
ion &
w
P
w K°
PQ «
<v £o
Pi
K*
6° w o o
Flue boiler with grate under boiler 2,258.5 128 17.6 3.9
Dutch oven with H. R. T. boiler 4,826.3 300 16.1 3.1
Dunn & Sutcliffe furnace with H. R. T . . . . 3,963.0 200 19.8 5.9
Dutch oven with Stirling boiler 8,796.0 150 5.8 1.5
Internally fired boiler, Dutch oven 470.7 250 1.88 0.8
Bee Hive oven with Climax boiler. .' 895.0 600 1.49 1.0
Dutch oven, H. R. T. boiler, Angola. ....... 575.0 150 3.83 1.7
Quinn flat top, H. R. T. boiler, Vermilion. . 646.0 250 2.58
1
1-2
Extended Dutch oven, H. R. T., Adeline. . . 1,500.0 250 6.00 2.5
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Table 13 gives data regarding the volume of combustion space
for a number of different types of settings and boilers investi-
gated. One object of the Dutch oven is to insure complete com-
bustion of the gases before they strike the relatively cool heating
surface of the boiler. In view of this, it is somewhat difficult to
determine just what should be designated as combustion space,
especially in the case of H. E. T. and internally fired boilers. In
column 4 of Table 13 the volume for all except the Stirling boiler
includes the entire space between the grate and the back end of
the tubes. Since only about one-eighth of the heating surface of
H. R. T. boilers is in the shell, that portion of the setting which
is under the shell may perhaps be consistently considered as com-
bustion space. According to this view, the old flue boilers with
the grate under the front end, also the Dunn & Sutcliffe furnace,
give much greater combustion space than any of the others. These
two types, as is well known, are practically obsolete. The last six
types given in the table are of modern construction. Of these it
will be noted that the Stirling boiler with Dutch oven and the
H. R. T. boiler with extended Dutch oven used at Adeline give
the greatest volume. In this connection it is well to note that, due
to limitation of height of furnace and length of grate bars, the
volume of combustion space per H. P. for a given type is likely to
be less for large than for small boilers.
Large combustion volume also means a large amount of fire
brick, which becomes incandescent and serves to intensify temper-
atures and to store heat which is given out when the fire is low,
thus insuring uniformly good combustion. On the other hand,
very large combustion chambers increase the radiation loss and
the stack loss by increased leakage of air through cracks in the
setting and through the pores of the masonry. The percent loss
due to radiation is difficult to determine even in carefully con-
ducted boiler tests, because of the difficulty of separating it from
other small losses. It will depend upon the difference in temper-
atures of the two sides of the walls, the thickness of the walls, the
amount of uncovered, exposed iron surface, the size of the boiler,
the presence of air currents, etc. The radiation loss in coal-
burning boilers probably varies from about 2 to 6 or 7 per cent of
the heat in the fuel. With the increased size of furnaces used for
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bagasse4mrning, it is naturally greater than for coal. In view of
these considerations, it is not surprising that engineers differ
widely as to the size and form of combustion chamber.
KATE OF COMBUSTION.
Area of Grate.
Perhaps the most important question in designing bagasse fur-
naces is the size of grate, which depends upon the rate of com-
bustion. It is the belief of many engineers that the excess air
loss may be reduced by decreasing the size of the grate ; that is,
by increasing the rate of combustion, thus reducing the danger of
excessive flow of air through the grate and fuel, especially where
fire-room labor is such as to prevent the exercise of careful fire
tending. On the other hand, excessive draft, which is required
where high rates of combustion are maintained, tends to increase
the air excess. The rate of combustion in practice varies from
50 to 300 pounds of bagasse per square foot of grate surface per
hour, corresponding to 3% B. H. P. to 20 B. H. P. per square
foot of grate.
A study of the results of the tests recorded in this bulletin
seems to show quite conclusively that the highest efficiencies were
obtained with high rates of combustion, though it does not show
the limiting values. In studying this question, the writer has
made use of a large number of boiler tests, including not only
those given in this bulletin but those of other experimenters as
well, for the purpose of determining the general effect of rate of
combustion on efficiency. The results of 31 boiler tests are shown
in Table 14. All of these tests wrere carefully made on boilers
representing good practice in Louisiana, Porto Rico, and Cuba.
These figures show that as far as boiler efficiency is concerned (see
second column) we cannot be assured that very high rates of com-
bustion are necessary. It is true these tests are taken at random
and represent different methods of operation and different designs
of furnaces, though the general import of the figures may be given
some weight. A large number of boilers recently installed in the
tropics operate with very high rates of combustion, it being com-
mon to see 500 II. P. boilers with only 25 square feet of grate
surface. It may be said that small grates require less manipula-
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Table 14.
Average Rate of . Combustion,
lbs. p€xr sq. ft. of grate
per hour
Water
F. & A. 212°
per lb. dry
bagasse, lbs.
Per cent CO a
in flue gas
No. of Tests
i n o) n c\ f^c\ inIJJblUUCU 111
average
4.97 10.3 6
130 4.26 12.68 16
200 4.38 10.5 9
tion and care in order to prevent excessive air losses than is the
case with very large grates, there being less danger of portions of
the grate being uncovered, etc. Naturally, the amount of grate
surface per B. H. P. will depend also on the amount of moisture
in the bagasse. In other words, the less moisture there is the
smaller the grate can be without danger of choking the furnace.
This means that in Louisiana relatively large grates and corre-
spondingly low rates of combustion are best.
The highest rate of combustion obtained in any of the tests was
225 pounds of bagasse per square foot of grate surface per hour
at Adeline, corresponding to about 15 B. H. P. for each square
foot of grate, while at Vermilion the rate of combustion was 85,
corresponding to about 6.5 II. P. per square foot of grate. In both
of these the boiler was operated at overload. It is probable that
a mean between these two sizes would be good practice.
AIR SUPPLY.
The tests showed that with a large grate and open setting,
together with a bagasse feeder that excluded air poorly, it was
easy to have too much stack draft (vacuum)
. On the other hand,
a relatively small grate in connection with a close setting and a
hopper that* excludes air, not only can be operated efficiently with
high draft, but actually requires it. With open setting and in-
efficient hopper feeders, the excess air loss can be reduced by
using forced (plenum) draft and the efficiency in this manner
increased.
Evidently there would be less advantage in this respect for
blowers where settings and feeders are close and the grates are
small. For regulating stack draft it is better to manipulate flue
57
dampers than draft doors. Closing the draft doors results in in-
creased vacuum inside of the setting, which, in turn, results in in-
creased air leakage, most of it above the grate, which increases the
stack loss. On the other hand, closing the flue damper reduces the
vacuum inside of the setting, reduces the amount of air
leakage through the settling walls above the grate and.
in turn, the stack loss. "With the ] atter form of regulation
the proportion of air passing through the grate is greater than
with the former method. This has the advantage that the grate
bars are kept cooler, due to the relatively greater amount of air
passing through them. To be effective, flue dampers should be
carefully designed and constructed so that they will work posi-
tively and stay where they are set. If possible, it should be ar-
ranged so that they can be manipulated by the fireman from the
front of the furnace. With such an arrangement it is more likely
that the fireman will actually use them. The fact of the matter is
that it is not necessary for flue dampers to be changed continually.
A little practice and observation will enable the firemen to deter-
mine the proper setting which is likely to be constant most of the
time. The use of flue dampers also makes it possible to work all
of the boilers whether far from or near the stack at equal loads.
It will be noted from the flue gas analyses that the loss due to
incomplete combustion of carbon (C) was in most cases small as
compared with the loss due to excess air. the latter being indicated
by the amount of (0) . Theoretically, that flue gas with the maxi-
mum percentage of C0 2 and the minimum percentage of CO
would represent conditions most desirable. In practice, however,
it is found that if the damper is set so as to get a very high per-
centage of C0 2 by reducing the air. there is danger of incomplete
combustion and the formation of CO. due to lack of air in por-
tions of the fuel bed. Table 15 shows typical flue gas analyses
from coal furnaces.
FLUE GAS ANALYSIS.
Table 15.
ccv
o. ..
CO..
Poor
8.0 9.0
4.4 11.5
7.6 Trace
Average
12.0
0.1
Excellent
15.1
4.0
0.7
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The two poor analyses are of different kinds. It will be noted
that the percentage of C0 2 differs little in the two poor analyses,
though there is a wide difference in the percentage of oxygen and
CO. In other words, the first analysis is poor because of the large
amount of CO, while the second one is poor because of the large
amount of oxygen, which denotes a large percent of excess air.
From the tests we are led to the opinion that 15.1 per C0 2 in gases
from bagasse furnaces is rather high, in fact, 12 to 13 per cent
seems to be about as high as can be obtained without lowering the
efficiency. This is probably due to the cause stated above
;
namely,
that when the air supplied is reduced to the point that will give
greater 00 2 content than this, portions of the fuel bed will fail to
get the necessary amount of air and there will be a corresponding
loss due to incomplete combustion.
EFFICIENCY AS AFFECTED BY OVERLOAD.
The boiler H. P. bagasse will generate per ton of cane ground
per 24 hours depends upon several factors, principal of which are
percent fibre in cane and moisture in bagasse. In the tests of
1909 (Series A) the average B. H. P. actually developed per ton
of cane ground per 24 hours was about 1 H. P. These tests were
made with bagasse of relatively high moisture from cane with a
low fibre content, probably a little less than 10 percent. In the
1914-15 tests the H. P. actually developed per ton of cane ground
per 24 hours varied from a minimum of 1.16 at Angola, where the
fibre in cane (9.8%) and efficiency was low, to a maximum of 1.44
at Vermilion, where both fibre (11%) and efficiency were high.
In practically all cases, the tests showed that boilers operated
at overload gave efficiencies equal to or greater than when oper-
ated at rated or underload. It is probable that operating boilers
at overload is more desirable from the standpoint of efficiency
than with coal or oil burners, due to the fact that the larger fur-
naces cause greater radiation and air leakage losses, and these
losses are a smaller percent of the total with large than with small
loads. This means that for the highest efficiency flue temperatures
are likely to be higher with bagasse as fuel than with coal or oil
as fuel.
